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INSTRUMENT FOR POSITIONING AN ARTERIAL GRAFT 



This invention relates to apparatus for locating a tubular graft on a hole in the wall of an 
artery prior to attachment of the graft to the wall, and in particular prior to joining an 
artery or vascular graft to the side of an existing vessel (an end-to-side anastomosis) as 
part of a surgical procedure. 

Joining arteries to other arteries, connecting harvested veins to arteries or connecting 
synthetic vascular grafts to arteries are common procedures carried out by vascular 
surgeons. For example, in coronary artery by-pass surgery a vein, often the saphenous 
vein from the leg of the patient, is connected to the side of a coronary artery at two 
points in order to by-pass a narrowing in that artery. Another example of bypassing 
carried out with an anastomosis between a graft and an artery occurs in abdominal aortic 
surgery when a graft from the aorta is joined to one iliac artery, excluding blood supply 
to the iliac of the other leg. Blood supply is restored to this, contralateral, leg by 
connecting a graft between the femoral arteries of either leg. 

The grafting described above is usually carried out by means of open surgical techniques 
and the physical connection is made between the vessels by suturing the end of one vessel 
to the side of another. 

The conventional procedure requires experience and dexterity to carry out and can take a 
significant amount of surgical time. The duration of the procedure is important in all 
cases, but in the coronary arteries, there are severe time constraints limiting the period 
for which the heart can be stopped and surgery can take place. 

WO 98/52475 (Cardio Medical Solutions) discloses a device for facilitating end-to-side 
anastomosis comprising a shaft with a collapsible "umbrella-like" seal ar one end. The 
seal can be collapsed, inserted through an arteriotomy, and then opened to form an 
internal seal for the arteriotomy. A graft can then be partially sutured to the artery 
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The major disadvantage of this method is that the graft must be loosely connected to the 
artery in order to allow removal of the seal, which may therefore result in leakage from the 
artery. Also, the seal is an internal one only, and must be flexible, which means that it 
5 cannot provide any support for the suturing process. Finally, in order to maintain the seal, 
the surgeon must pull the shaft towards him away from the artery, which uses one of his 
hands and restricts the ease of the suturing procedure. 

EP 0,895,753 (Academisch Ziekenhuis Utrecht) discloses a similar system to the Cardio 
10 Medical Solutions system described above, in which a flexible internal seal is used to 

reduce loss of blood from an arteriotomy whilst a graft is being partially sutured around the 
arteriotomy. It has the same disadvantages as the solution described above, in that the 
graft cannot be completely connected to the artery because the seal must be removed 
before a complete connection is made. Also, the seal must be held in place by the surgeon 
1 5 during the suturing procedure. 

US 6,068,637 (Cedar Sinai Medical Centre) discloses a wholly intra-lumenal support 
which cannot seal the arteriotomy completely. Moreover, it must be removed from the 
bore of the lumen rather than through the arteriotomy or the exterior of the graft. 



20 



25 



EP 0,856,287 (Cardio Thoracic Systems, Inc.) discloses a perfusion device for maintaining 
blood flow in a vessel whilst isolating an anastomosis. This is a very complex system 
mechanically and again requires incomplete suturing of the graft in order to remove the 
seal. 



Tn accordance with a first aspect of the present invention, there is provided apparatus for 
locating a tubular graft on a hole in the wall of an artery prior to attachment of the graft to 
the wall, comprising means for sealing said hole and means for locating the graft on the 
outside of the wall in order that the graft can be attached to the wall around said hole, 
30 wherein said means for sealing said hole is shaped such that it can be removed from the 
hole after the graft has been attached to the wall. 
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The advantage of the present invention lies primarily in the provision of the removable 
means for sealing the hole. This increases the time available to the surgeon to attach the 
graft to the artery, thereby enabling a better quality attachment to be performed. The 
means for sealing the hole is preferably shaped so that it can be left in place until after the 
5 connection between the graft and the artery wall has been made leak-free (i.e. complete 
attachment), after which the means for sealing the hole can be removed through the bore of 
the graft. 

In a preferred embodiment, said means for sealing said hole comprises a plate shaped to fit 
10 through said hole in order to lie behind the wall with the plate occluding said hole. The 
plate preferably has a handle for urging the plate against the inside of the wall in order to 
seal said hole and for removing the plate from the hole after the graft has been attached to 
the wall. 

15 The means for sealing said hole is preferably substantially rigid. This allows for a better 
seal around the hole, because the means for sealing the hole can be urged against the inside 
of the wall without there being a risk that said means will collapse or fold in half, as is the 
case with prior art devices. 

20 In a particularly preferred embodiment, the means for sealing the hole comprises a plate 
shaped to fit through the hole in order to lie behind the wall with the plate occluding said 
hole. The plate is preferably elliptical in shape, with the preferred ratio of the major to the 
minor axis being from 2:1 to 4:1. This shape is particularly preferred because of the ease 
of withdrawing the plate from the artery. 

25 

The plate may have a handle for urging the plate against the inside of the wall in order to 
seal the hole and for removing the plate from the hole after the graft has been attached to 
the wall. In a particularly preferred embodiment, the plate and the handle are connected by 
means of a pivotable joint (such as a ball-and-socket joint or a hinge) to permit easy 
30 removal of the device from the artery and graft. 
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According lo a second aspect of the present invention, there is provided apparatus for 
locating a tubular graft on a hole in the wall of an artery prior to attachment of the graft to 
the wall, comprising a plate shaped to fit through said hole in order to lie behind the wall 
with the plate occluding said hole, a handle for urging the plate against the inside of the 
5 wall in order to seal said hole and for removing the plate from the hole after the graft has 
been attached to the wall, the plate and the handle being connected by means of a pivotable 
joint which permits the angle between the plate and the handle to be adjusted by the user, 
wherein the plate is shaped such that it can be removed from the hole after the graft has 
been attached to the wall. 

10 

The advantage of this embodiment of the invention is that it permits a surgeon to control 
the angle between the graft and the artery whilst the graft is being attached to the artery, so 
as to yield the optimum haemodynamic performance. Any excess graft material resulting 
from suturing the graft at an angle to the artery can simply be cut off. 

15 

The current invention preferably comprises an instalment and a set of fixators which, when 
used to form an anastomosis, significantly simplify the procedure. The instruments both 
seal the artery during the procedure to reduce blood loss and hold the graft against the wall 
of the artery to allow it to be fixed in the correct place. The fixators provide mechanical 
20 attachment of the graft to the artery and a liquid seal, depending upon the numbers of 
fixators employed. In particular, the fixators can be applied in seconds whereas suturing 
can take tens of minutes. 

The instrument preferably comprises two main components, one of which is intra-arterial 
25 and the another extra-arterial (although it will be seen that part of the intra-arterial 

component extends extra-arterially). Preferably, the two components can be releasably 
joined to form a single instrument or can be used in conjunction with each other without 
connection. The components can also be constructed in a modular way so that the 
instrument can be taken apart once the graft has been attached at both ends. The 
30 components may be formed from any suitable material such as a plastic material, a metal, 
or a combination of both. 
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The intra-arterial component may comprise a curved plate with rounded edges having a 
major and a minor axis. Preferably the plate is elliptical in shape and the curve is formed 
around an axis parallel to the major axis of the plate. The radius of said curvature is 
arranged to be approximately the same as the internal radius of the artery to which the graft 
5 is to be attached. To the plate is attached one end of a handle which has a diameter 

suitable to pass through the graft. Preferably, the handle makes an angle of 30° to 55°, and 
most preferably about 40°, to the major axis of the elliptical plate. 

The second end of the handle can be adapted to engage the extra-arterial part of the 
1 0 instrument so that the intra-arterial part can be clamped to the extra-arterial part. 
Alternatively, the second end of the handle can be adapted to be held by hand. 

The surface of the plate preferably has small hollows formed in it which can be used to 
guide the path of a Fixator while it is being applied. 

15 

The extra-arterial part of the instrument preferably comprises a tube with a flange at one 
end. The tube is of adequate diameter for the graft to pass within. Ideally the flange at the 
end of the tube is curved so that it will fit snugly onto the surface of the intra-arterial plate. 
The flange is preferably mounted on the end of the tube at an angle which is equal to that 
20 made between the handle and the intra-arterial plate. 

The flange may be perforated around its periphery, preferably with between six and twelve 
holes. Other variants of the design can be constructed which use one hole or multiple 
holes, the maximum useful number of holes being of the order of 30 for a vessel 10mm in 
25 diameter. Advantageously, the holes can be positioned so that they break through the edge 
of the flange. When the flange is placed over the curved plate of the intra-arterial 
component, holes in the flange should be positioned to align with hollows or indentations 
in the intra-arterial plate. Alternatively, the intra-arterial plate may be used to deflect the 
tips of staples back towards the artery wall after implantation. 

30 
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The flange may be perforated around its periphery, preferably with between six and 
twelve holes. Other variants of the design can be constructed which use one hole or 
multiple holes, the maximum useful number of holes being of the order of 30 for a vessel 
10mm in diameter. Advantageously, the holes can be positioned so that they break 
5 through the edge of the flange. When the flange is placed over the curved plate of the 
intra-arterial component, holes in the flange should be positioned to align with hollows or 
indentations in the intra-arterial plate. Alternatively, the intra-arterial plate may be used 
to deflect the tips of staples back towards the artery wall after implantation. 

10 Preferably, the flange is modified to have spikes or hooks on its surface so that a graft 
can be passed down the inside of the tube, everted over the flange and retained on the 
flange by the hooks or spikes. 

The tube and flange are preferably constructed in at least two parts which can split apart 
15 from around the graft. The two or more parts in such an arrangement may remain 
attached by a thin layer or web of the material from which the tube is made. Thus, if 
made from a suitable plastic, the tube can be torn apart to separate the components; this 
method of construction provides a solid method of retaining the components together 
when in use. Alternatively, the walls of the tube can be cut away to provide slots which 
20 give access to the graft, or the tube can be constructed from an open frame structure in 
which the cross-section of the tube is not necessarily circular or complete. 

The fixators employed may be variants of staples. They can follow the common pattern 
employed for stapling papers in an office, or they can be adapted to follow the designs 
25 described in WO 00/07506 or WO 01/58363 (in the name of the present applicant). 

Method of Use 

In a third aspect of the present invention, there is provided a method for attaching a graft 
30 to the wall of an artery, comprising the steps of providing apparatus as defined above. 
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making a hole in the artery wall sealing said hole, locating the graft on the outside of the 
wall over said hole, attaching the graft to the wall to surround said hole, and removing 
said means for sealing. 

5 The graft to be attached to the artery is preferably passed through the inside of the extra- 
arterial component and rolled back over the outside of the flange. Where fitted, the 
hooks or barbs attached to the flange will hold the graft in place on the flange. This step 
in the method can be carried out during manufacture. 

An arteriotomy, which is a single longitudinal slit in the wall of an artery, is cut and the 
curved elliptical plate of the intra-arterial component is passed through the arteriotomy 
and into the artery. The curved plate is positioned by means of its handle component to 
be centred under the arteriotomy and the pressure of blood within the artery will push the 
plate against the artery's wall and seal the arteriotomy. 

The extra-arterial component, containing the pre-mounted graft, is slid over the handle of 
the intra-arterial component and pushed down so that, where the graft is rolled out of the 
tube and over the flange, its internal face is in direct contact with the wall of the artery. 
Ideally, a locking mechanism is fitted or used at this stage which urges the extra-arterial 
part against the intra-arterial part, sandwiching the artery wall and the graft between 
them. 

Staples are pushed through the holes in the flange so that they pierce the graft and the 
artery wall Staples following the pattern described in WO 00/07506 or WO 01/58363 
25 will pass through the artery wall and start to deploy. An alternative form of staple can 
use the reaction generated by the intra-arterial plate to cause the legs of the staple to fold 
and grip the artery wall. Where necessary, sutures or tissue glues can be used to 
reinforce the attachment between the graft and the vessel wall. 
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If the graft has a free end, the extra-arterial part can be removed by freeing the graft 
from the hooks or barbs on the flange and sliding the tube from over the graft. If the 
graft is attached at its distal end, the extra-arterial component can be removed by splitting 
it from around the graft. 

5 

If the graft has a free end, the intra-arterial component can be removed from the 
arteriotomy by a combination of sliding and rotation in order to withdraw it from the 
length of the graft. Where the graft is already attached at the distal end, the intra-arterial 
component can be introduced into the graft through a slit cut into the side of the graft. 
10 At the end of the procedure, the intra-arterial component can be removed from the 
arteriotomy in the manner just described and then removed from the graft by 
withdrawing it from the slit in the graft. 

A specific embodiment of the present invention will now be disclosed with reference to 
15 the drawings, in which: 

Figures 1 and 1A show perspective views of the intra-arterial component in 
accordance with the invention; 

20 Figure 2 shows in detail the shape of the elliptical plate at one end of the intra- 

arterial component of Figures 1 and 1A; 

Figures 3 and 4 show perspective views of the extra-arterial part of the apparatus 
in accordance with the invention; 

25 

Figures 5 and 6 illustrate perspective views of a locking connector for joining the 
intra-and extra-arterial components together; 

Figures 7 and 8 depict perspective views of the complete assembly. 



30 



WO 02/34143 



PCT/GB01/04666 



9 

Figure 9 shows the complete assembly in use; 

Figures 10, 11 and 12 show perspective views of the instrument in use; 

5 Figure 13 depicts the use of the apparatus together with a hand-held stapler; and 

Figure 14 is a schematic view, in cross section, of a staple which has been Fixed 
by means of the apparatus of the present invention. 

10 The various components of the inventive apparatus will first be described with reference 
to Figures 1 to 8. 

Turning first to Figures 1 and 1A, intra -arterial component 10 is formed from a plastics 
material (or alternatively metal) and consists essentially of an elliptical intra-arterial plate 
15 1 at the end of 190mm long handle 2. The end 3 of handle 2 distal to plate 1 is threaded 
to accept locking connector 30, as will be described below. 

As shown in more detail in Figure 2, plate 1 is elliptical in shape with major axis 14 of 
about 20mm in length, minor axis 15 of about 7.5mm in length, and with a curvature 16 
20 of approximately 120°. Plate 1 is connected to handle 2 at an angle of approximately 
40°. As will be described below, this configuration of the plate 1 makes it particularly 
suitable for use in the inventive method. 

Turning now to Figures 3 and 4, extra-arterial component 20, which is formed of a 
25 plastics material (or alternatively metal), comprises shaft 22 which is flared at one end to 
form flange 23. Gully 24 runs the length of shaft 22 and forms a hole through flange 23 
at its centre. Flange 23 therefore forms a sort of annulus around this central hole, and is 
further perforated with holes 25 and cut-away sections 26 which break through the edge 
of flange 23. 
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Head 27 is formed at the end of shaft 22 distal to flange 23. Head 27 is generally 
circular in shape and perpendicular to the longitudinal axis of shaft 22, with a radial cut- 
out which is generally perpendicular to gully 24. 

5 Figures 5 and 6 show locking connector 30 which is essentially a nut having threaded 
bore 31 and a ridged outer surface 32 to enable the knot to be tightened on to the 
threaded end 3 of intra-arterial component 10. 

The assembly of intra-arterial component 10 and extra-arterial component 20 connected 
10 together by locking connector 30 is depicted in Figures 7 and 8. The two components 
are fitted together by inserting the end of handle 2 distal to plate 1 through the hole in the 
centre of flange 23, such that handle 2 is seated in gully 24 in shaft 22, with the end of 
handle 2 emerging through the hole in the centre of head 27. Plate 1 (not shown in 
Figures 7 and 8) abuts flange 23. Locking connector 30 can then be threaded onto 
15 threaded end 3 on handle 2 in order to connect components 10 and 20 together. 

The use of the apparatus of the present invention to connect a graft to an artery will now 
be described with reference to Figures 9 to 13. 

20 First, an incision (arteriotomy) is made in artery 50. Intra-arterial component 10 is then 
put in place by inserting plate 1 at an angle through the slit/incision so that it lies inside 
the artery behind the incision and generally parallel to the artery wall. It will be 
appreciated that plate 1 may need to be inclined to the incision in order that it can be 
passed through the incision, and this can be done very easily by the surgeon simply by 

25 manipulating the plate 1 by means of handle 2. 

Graft 40 is then put in place by inserting handle 2 through the bore of graft 40 and 
threading the graft 40 over handle 2 until the end of graft 40 artery 50 is proximate to 
artery 50. 



30 
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Next, extra-arterial component 20 is threaded over graft 40 and handle 2 and advanced 
down graft 40/handle 2 until flange 23 is at the end of handle 2 proximate plate 1. 

In an alternative embodiment, graft 40 can be provided ready-installed in gully 24 of 
5 extra-arterial component 20, so that graft 40 and extra-arterial component 20 can be 
threaded over handle 2 together. 



The arrangement shown in Figure 9 depicts the complete assembly in use to introduce 
graft 40 to the wall of artery 50. In the Figure, the elliptical plate 1 already lies within 
10 artery 50 and is hidden from view. For clarity, graft 40 is not shown rolled back over 
flange 23 but is shown flared below flange 23. This arrangement is commonly adopted 
with thick walled PTFE graft material. Extra-arterial component 20 is shown lightly 
pinching graft 40 and being advanced down handle 2. 

15 In a preferred embodiment, intra-arterial component 10, graft 40 and extra-arterial 

component 20 are supplied pre-assembled as shown in Figure 10. It will be appreciated 
that this reduces the time needed by the surgeon, because extra-arterial component 20 is 
already far advanced down handle 2. 

20 In use, therefore, the surgeon inclines plate 1 sideways and inserts it into the arteriotomy 
of artery 50, to result in the position shown in Figure 11, with plate 1 inside artery 50 
and substantially parallel to the artery wall. Extra-arterial component 20 can then be 
fully advanced down handle 2, trapping the end of graft 40 between flange 23 and plate 
1 . The relative lengths of handle 2 and shaft 22 mean that threaded end 3 of handle 2 

25 now emerges fully from head 27, enabling locking connector 30 to be screwed onto 
threaded end 3 and fully tightened, and thereby locking extra-arterial components 20 in 
place on intra-arterial component 10, with graft 40 being trapped between flange 23 and 
plate 1. 



WO 02/34143 



PCT/GB01/04666 



12 

The arrangement described means that the graft can be clamped to the artery, enabling 
the surgeon to work on connecting/suturing the graft 40 to artery 50 without having to 
hold the assembly in place. The whole system therefore works as a "third hand" for the 
surgeon. The surgeon can then connect graft 40 to artery 50 by using for example a 
5 stapling machine 60 to affix graft 40 to artery 50 using staples 70 as shown in Figures 13 
and 14 (staple 70 is the subject of co-pending PCT publication no. WO 01/58363 in the 
name of the present applicant). 

Staple 70 can be inserted through guidance aperture 26, wherein plate 1 urges the tips of 
10 staple 70 to curl back out through the wall of artery 50. 

Once the surgeon has connected graft 40 to artery 50, extra-arterial component 20 is 
removed from graft 40 and handle 2 is then manipulated so as to rotate plate 1 by 
approximately 180° f whereby it can be drawn out of artery 50 and the bore of graft 40 
15 because of the shape of plate 1 and the angle which it makes with handle 2. 

It will be appreciated that the apparatus for the present invention can be used with other 
fixing methods, such as suturing and/or gluing which have not been described herein. 
As will also be appreciated, the utility of the inventive apparatus is not limited to 
20 connecting arteries and grafts. Hence, "artery" as used herein includes any body lumen 
and "graft" any tubular implant. 
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CLAIMS 

1 . Apparatus for locating a tubular graft on a hole in the wall of an artery prior to 
attachment of the graft to the wall, comprising means for sealing said hole and means for 

5 locating the graft on the outside of the wall in order that the graft can be attached to the 
wall around said hole, wherein said means for sealing said hole is shaped such that it can 
be removed from the hole after the graft has been attached to the wall. 

2. Apparatus as claimed in claim 1, wherein the means for sealing said hole is 

10 shaped such that it can be removed from the hole and through the bore of the graft after 
the graft has been attached to the wall. 

3. Apparatus as claimed in claim 1 or 2, wherein the means for sealing said hole is 
substantially rigid. 

15 

4. Apparatus as claimed in any preceding claim, wherein said means for sealing said 
hole comprises a plate shaped to fit through said hole in order to lie behind the wall with 
the plate occluding said hole. 

20 5. Apparatus as claimed in claim 4, wherein the plate is elliptical in shape. 

6. Apparatus as claimed in claim 5, wherein ratio of the major axis to the minor axis 
is from 2:1 to 4:1. 

25 7. Apparatus as claimed in claim 5 or 6. wherein the plate is curved in the direction 
of the minor axis so as to follow substantially the curvature of the inner wall of an artery. 

8. Apparatus as claimed in any of claims 4 to 7, wherein the plate has a handle for 
urging the plate against the inside of the wall in order to seal said hole and for removing 
30 the plate from the hole after the graft has been attached to the wall. 
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9. Apparatus as claimed in claim 8, wherein the handle performs the functions of the 
means for locating the graft. 

5 10. Apparatus as claimed in any preceding claim, wherein the means for locating the 
graft on the outside of the wall comprises a projection on the plate, the projection being 
shaped for inserting into the bore of the graft. 

11. Apparatus as claimed in claim 10, wherein the projection is a shaft over which the 
10 graft can be fitted, the shaft emerging from the distal end of the graft to form a handle 

for the plate. 

12. Apparatus as claimed in any of claims 4 to 11, additionally comprising means for 
pressing the graft against the plate such that the artery wall is sandwiched between the 

15 graft and the plate. 

13. Apparatus as claimed in claim 12, wherein the means for pressing the graft 
against the plate comprises a substantially annular element having a handle. 

20 14. Apparatus as claimed in claim 12 or 13, wherein the means for pressing the graft 
against the plate comprises a sleeve shaped to fit over the graft, the sleeve having a 
flange at one end, wherein in use the end of the graft can be trapped between the flange 
and the plate by pulling on the plate handle and pushing on the sleeve. 

25 15. Apparatus as claimed in claim 14, wherein the plate and the flange are shaped to 
fit together in order to sandwich the graft and artery wall therebetween. 

16. Apparatus as claimed in any of claims 12 to 15. additionally comprising means 
for lockably clamping the plate and the flange together, whereby in use the surgeon has 
30 both hands free for attaching the graft to the artery. 
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17. Apparatus as claimed in claim 16, wherein the end of the handle distal to the plate 
extends beyond the means for pressing the graft against the plate, and wherein a locking 
member is provided to attach to said end to prevent the means for pressing the graft 

5 against the plate from being removed from the handle. 

18. Apparatus as claimed in any of claims 14 to 17, wherein the flange has a plurality 
of holes therein to assist in locating staples or thread for attaching the graft to the artery 
wall. 

10 

19. Apparatus for attaching a tubular graft to a hole in an artery wall, comprising 
apparatus as claimed in any preceding claim and means for attaching the graft to the 
wall. 

15 20. A kit of parts, comprising apparatus for attaching a tubular graft to a hole in an 
artery wall as claimed in any preceding claim, and a graft or graft-stent. 

21. A kit of parts as claimed in claim 20, wherein the graft is supplied pre-mounted 
on said apparatus. 

20 

22. A method for attaching a graft to the wall of an artery, comprising the steps of 
providing apparatus as claimed in any preceding claim, making a hole in the artery wall, 
sealing said hole, locating the graft on the outside of the wall over said hole, attaching 
the graft to the wall to surround said hole, and removing said means for sealing. 

25 

23. A method as claimed in claim 22, wherein the means for sealing is removed from 
the artery through the bore of the graft. 

24. Apparatus for locating a tubular graft on a hole in the wall of an artery prior to 
30 attachment of the graft to the wall, comprising 
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a plate shaped to fit through said hole in order to lie behind the wall with the plate 
occluding said hole, 

a handle for urging the plate against the inside of the wall in order to seal said 
hole and for removing the plate from the hole after the graft has been attached to the 
5 wall 

the plate and the handle being connected by means of a pivotable joint which 
permits the angle between the plate and the handle to be adjusted by the user, 

wherein the plate is shaped such that it can be removed from the hole after the 
graft has been attached to the wall. 

10 

25. The use of apparatus as claimed in claim 24 for controlling the angle between an 
artery and a graft attached to the artery in an end-to-side anastomosis. 

26. A method for controlling the angle between an artery and a graft attached to the 
15 artery in an end-to-side anastomosis, comprising providing apparatus as claimed in claim 

24, making a hole in the artery wall, inserting the plate through the hole into the artery 
and pulling on the handle to seal the hole, inserting the handle through the bore of a graft 
so that one end of the graft lies over the hole, adjusting the angle between the handle and 
the plate and therefore the angle between the graft and the artery, attaching the graft to 
20 the artery around the hole, and removing the plate from the artery through the hole and 
the graft. 

27. A method as claimed in claim 26, wherein the graft is pre-mounted on the handle. 
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